2+ intercalated Bibirnessite and Bi-birnessite cells. d, Equivalent circuit model that was used to fit the impedance curves. This model was based on the MnO2 equivalent circuit model developed by reference 46. R1 is the solution resistance; R2 is the resistance to charge transfer at the cathode-electrolyte interface, CPE2 is the constant phase element for nonfaradaic charging of the double layer, C2 is the capacitance of the carbon support material; L3 and R3 are the inductance and resistance associated with OH-transport in the interlayer of δ-MnO2; and CPE4 accounts for semi-infinite diffusion to the electrode surface, which has a significant surface roughness. R2, which is a measure of electrode kinetics, captures two phenomena: 1) the charge transfer coefficient of the electrochemical reaction and 2) any change in the active interfacial area caused by better electron percolation within the porous electrode.
shown. The cell is cycled at 1C charge and discharge rate. The voltage-time curves for the different cycles is shown in the inset. b, Capacity versus cycle number for 45wt.% MnO2 loading electrode ran at 4C is shown. A high capacity of ~380mAh/g after ~1800 cycles is obtained with near 100% coulombic efficiency. Inset shows the discharge curves for various cycles. The discharge curves are very stable after 1800 cycles with no capacity fade indicating very minimal decay in energy density. c, Capacity versus cycle number for ~19wt.% MnO2 loading electrode ran at 10C is shown. The results are similar to that of the cell shown in Figure 1c where there is no capacity loss and a ~100% coulombic efficiency is achieved. The high rate feature of the Cu 2+ intercalated Bi-birnessite cathode broadens the scope of its utility in different applications. Inset shows the discharge curves for various cycles. d, Capacity(mAh/g) vs cycle number for the Cu 2+ intercalated Bi-birnessite electrode is shown. The cell is cycled at 40C charge and discharge rate. The voltage-time curves for the different cycles is shown in the inset. The discharge characteristics of MnO2 are still present after 6000 cycles. e -Shows visible evidence of involving more than one faradaic reaction, e.g. peak doubling. f -We attribute the somewhat large potential differences with the work of Bode et al. to conversion from an NHE reference. g -In Figure 4 of the work by He, the reduction of Cu II was observed at a potential of approximately -0.2 V vs. Hg|HgO. In our work, this potential was significantly lower, assigned to D-c4. As the electrode in our case was copper in the metallic state compressed with carbon, and in He's case it was planar polycrystalline copper, this can be explained by the variation in experimental conditions. The difference of ~80-119 mV implies a reduction to Cu 0 as opposed to Cu2O, as the potential is closest to the Cu(OH)2/Cu couple of -0.314 V. Figure 4 . a, Demonstration that the anodic Mn reactions have more capacity than the corresponding cathodic reactions in A, B, and C. This indicates Mn is reduced in the 'post-discharge' reactions as an ionic species. The post-discharge reactions are for the various cases (A-11 + A-13), B-10, and (C-9 + C-10). b, Demonstration that the 'post discharge' reactions in electrodes D, E, and F were additive, i.e. addition of the capacities in D and E were equal to that in F. c, Demonstration that the Bi oxidation reactions in electrodes E and F had equal capacity. Bi capacity deactivated during CV experiments with a half-life of 19 cycles, also shown in panels B and D. While the potentials of a1 and a2 in electrodes E and F were the same, the capacity of a2 was higher in electrode F. d, Demonstration that the Bi oxidation reactions have equal capacity in electrodes B, C, and E. These oxidations balance with Bi reduction in electrode E, but the post-discharge reactions in B and C have far more capacity. This indicates the existence of [Bi-Mn] compounds in B. In C the situation is more complicated as Cu reduction can also occur. Supplementary Figure 12| Comparison of in-situ synthesized birnessite and ex-situ birnessite. a, Discharge capacity vs cycle number is shown for the ex-situ and in-situ synthesized birnessite. In the ex-situ synthesized birnessite, the mole ratio of the various elements was kept the same as the mole ratio in the in-situ formation of Bi-birnessite. There is no difference seen between the in-situ and ex-situ synthesized materials. b,Discharge curves of the ex-situ synthesized birnessite is shown, where the cycling curves are still stable after 300 cycles. Table 1 .) The recharging oxidations a5 and a9, in which Mn(OH)2 was oxidized to δ-MnO2, maintained the same character when Cu plus MnO2, Bi2O3 plus MnO2, or both Cu and Bi2O3 plus MnO2 were present (i.e. compare oxidations A-a5, B-a5, and Ca5). The δ-MnO2 reduction reactions, which represent discharge, were altered by additive formulation: any presence of Bi species provoked reactions c6 and c7, while the single reaction c5 occurred with Cu alone. The oxidation-reduction balance of each of these electrodes (Supplementary Figure 5) indicated Mn-species, which were reduced at potentials below those of c5, c6, and c7. As shown in Supplementary Figure 4b , both Cu and Bi, displayed reduction reactions in this range: D-c8 for Cu and E-c10 for Bi. In the MnO2-containing electrodes, this meant MnO2 capacity was reduced in the 'post-discharge reactions' (A-11 + A-13), B-10, and (C-9 + C-10). Bode and co-workers have previously reported the Bi-Mn compound using a similar rationale. For electrodes A and C, this 'postdischarge' reduction could occur as high as -0.58 V, while for B this could not occur above -0.64 V.
Supplementary

Supplementary Figure 5| Capacity analysis of the CV curves in
The interaction of Bi2O3 and Cu in the absence of MnO2 was chiefly additive (Supplementary Figure 5b & c) except for the Cu reduction F-c2. The anodic reactions a1-a4 in electrodes A, B, and C were the additive species oxidizing out of the discharged material. Bi oxidation a1 always occurred at the same potential, but Mn shifted the potential of Bi oxidation a2 down to the a2i potential in electrodes B and C. Such a shift is consistent with a ligand increasing electron density on the Bi atom. In electrode C a second reaction a2ii not seen in any other case showed that Cu had an impact on Bi electrochemistry. The a1 and a2 reactions in all electrodes corresponded to the same coulombic capacity (Supplementary Figure 5d) proving they are Bi reactions.
Capacity of electrode A, containing MnO2 and Cu, showed considerable fade by CV cycle 5 ( Supplementary Figure 5a) , but electrodes B and C showed stable capacity for ten CV cycles, shown in Supplementary Figure 3 . After these initial ten cycles, electrode C increased capacity while electrode B decreased. As in the previous work of Yao, Bi2O3 alone as an additive showed rapid deactivation when subjected to galvanostatic cycling 21,22 . This effect was reversed by a potentiodynamic scan, although a long-term deactivation was still in evidence. The new cathode system in contrast was able to withstand both galvanostatic and potentiodynamic cycling.
Co-inclusion of Bi2O3 and Cu in a MnO2 electrode increases electrode life, when cycled in any manner: potentiodynamically and/or galvanostatically. This is achieved by mitigation of Mn3O4 formation, which renders electrodes not containing Cu inactive in less than five galvanostatic cycles. As some Mn3O4 is observed in cycling electrodes, this must relegate its formation to non-critical locations that do not block electronic conductivity to the active material. Due to the high resistivity of Mn3O4, any electrode which contains an appreciable amount of it will be electrochemically inactive. . During discharge these species exist in the electrode pore space during reactions c5, c6, and c7, and this is when spinel-building occurs. 
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